The suspending properties of Raphia africana hydrocolloid were assessed comparatively with some natural polymers -compound tragacanth powder, acacia gum and gelatin in metronidazole suspension formulations. The gum was extracted from the exudates of R. africana palm, and then characterized. Different batches of metronidazole suspension were prepared using the polymers at 0.5 -4.0 %w/w concentrations. Various properties including sedimentation volume, redispersibility, viscosity, flow rate, degree of flocculation and particle size for all the polymers were evaluated comparatively. It was discovered that their suspending ability was in the order of R. africana gum > compound tragacanth > acacia > gelatin. Generally, the higher the concentration of these polymers, the higher the sedimentation volume, redispersibility number, viscosity, degree of flocculation and particle size, and vice versa for the flow rate. From statistical analysis using SPSS statistical package, R. africana gum exhibited significantly higher sedimentation volume, viscosity and flocculation (p<0.05), and lower flow rate (p<0.05) than other tested materials. The results suggest that R. africana gum has strongest and best suspending properties of all the investigated natural polymers at all employed concentrations and thus has good potential as a novel suspendant in pharmaceutical suspensions.
INTRODUCTION
Suspension, a liquid dosage delivery system is a convenient way to administer insoluble or sparingly soluble drugs to paediatric and geriatric patients that have difficulty in swallowing tablets or capsules. It is employed to mask taste and to control absorption rate of the drug. Moreover, drugs so formulated exhibit higher bioavailability than those in solid dosage delivery systems (Adikwu et al., 2003; Ali et al., 2010; Edaga et al., 2014) . However, a major challenge in the formulation of oral suspension is that of physical stability (Eraga et al., 2014) : On storage, the solid insoluble drug separates from the vehicle and settles to the bottom of the container. It is desirable that such formulations re-disperse easily upon shaking (Ansel, 2005) . This thus informs the essence of incorporating suspending agents especially hydrocolloids (gums) into suspension formulations.
Hydrocolloids are colloidal polymers which are utilized not only as adjuvants in liquid dosage forms like suspensions, but also extensively in many others including solid and semisolid formulations (Mahmud et al., 2009; Olorunsola and Adedokun, 2014) . As suspending agents, they act by adsorption on the water insoluble particles keeping them dispersed within the dispersion medium (Olorunsola et al., 2014) . They also increase the viscosity and density of the medium thereby retarding the settling of the particles (Olorunsola and Adedokun, 2014) .
Raphia hydrocolloid is the exudates obtained from Raphia palm (family Arecaceae / Palmae). The genus is hapazanthic in nature; in other words, after a vegetative growth period, it yields flowers and fruits only once and dies (Obahiagbon, 2009) . It comprises of about twenty species of palms native to tropical African region. One species, R. taedigera however, is also found in Central and South America. R. africana grows in dense forest but is also cultivated in swampy areas as well as on dry land (Otedoh, 1982) .
Although, R. africana gum has been studied as a binder in paracetamol tablet formulations (Majekodunmi and Itiola, 2016) , it seems that no known work has been reported on the suspending properties of this gum especially in comparison with already established commercial suspending agents. The relative abundance and wide distribution of R. africana palm and the cheapness, non-toxicity, biocompatibility and biodegradability of its gum had prompted us to investigate this hydrocolloid as suspending agent and to comparatively assess it with compound tragacanth gum, acacia gum and gelatin in metronidazole suspensions. Metronidazole, an anti-infective agent which has specific activity against a number of obligate anaerobic organisms and protozoa (Stanley 2003; Nash, 2001) was employed as a model drug due its poor aqueous solubility (The United States Pharmacopoeia, USP, 2014).
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Collection, extraction and purification of R. africana gum
The shoot and seeds of Raphia africana palm were collected from Nung Idio Ediene Ikono, Ikono Local Government Area of Akwa Ibom State and authenticated in the herbarium unit of the Faculty of Pharmacy, University of Uyo, Nigeria. The authentication voucher number is UUPH 8e (ii). The exudate of the plant was collected and then cleaned by removing the bark and other extraneous materials by hand-picking and dried in a hot air oven (Gallencamp, Germany) at 60 0 C for about 24 hours until it became sufficiently brittle. The dried gum was processed by milling in a domestic blender into fine powder and labelled as unpurified R. africana gum. A quantity of 100 g of the crude R. africana gum was dissolved in 800 ml of water and allowed to stand for about 20 hours with constant stirring. The gum mucilage was strained with calico cloth to remove insoluble debris and impurities and then precipitated with 580 ml absolute alcohol. The precipitated gum was re-filtered and washed with 100 ml of diethyl ether and dried in hot air oven (Gallencamp, Germany) for 24 hours (Akpabio et al., 2011) . The dried gum was blended using a laboratory blender (Christison, United Kingdom) and screened through a sieve of 250 µm aperture size. The powdered gum was used in subsequent tests and analyses as purified R. africana gum. The percentage yield was then calculated.
Phytochemical screening
Several tests as described by Evans (2009) were carried out on both raw and refined R. africana gum and their mucilage in order to determine the presence or absence of alkaloid, carbohydrate, combined anthraquinone (O-glycoside), free anthraquinone, and anthraquinone (C-glycoside).
Organoleptic properties
The taste, colour, odour and texture of both the raw and purified gums were observed using the appropriate sense organs and presented in Table I . pH and moisture sorption capacity (MSC) of suspending agents A 2% dispersion of each suspending agent in distilled water was shaken for 5 minutes and the pH of its supernatant was determined in triplicate on a digital pH meter (Kent Industrial Measurements, United Kingdom) (Eraga et al., 2014) .
Moisture sorption capacity (MSC) was determined gravimetrically as described by Lin and Chen, 2005 . One gram (1 g) powder of each suspending agent (M d ) was accurately weighed and evenly spread over the surface of a tarred petri dish lined with aluminum foil and placed in a desiccator containing distilled water (Relative Humidity 100%) at 25 ± 1 0 C. The sample was weighed 24 hourly until a constant weight was obtained on the 5 th day (M f ).
The percentage moisture uptake was determined using the equation below:
The values of both pH and MSC for all the polymers are presented in Table II . 
Preparation of metronidazole suspension using different suspending agents
Various batches of metronidazole suspension were prepared based on the formula presented in Table III . A quantity (0.5 g) of R. africana gum powder was weighed into a ceramic mortar and then triturated with 2 ml of propylene glycol until a smooth paste was achieved. This was then triturated with 20 ml of syrup BP, 2 ml of benzoic acid solution and 2 ml of orange oil were added gradually with constant stirring and then diluted with 50 mls chloroform water double strength and mixed properly. The mixture was transferred into a 100 ml measuring cylinder and distilled water was added to the 100 ml mark and was shaken vigorously (thus making 0.5 %w/v of the gum in the preparation). This procedure was repeated using 0.5 %w/v, 1 %w/v, 2 % w/v, 3 %w/v and 4 %w/v of R. africana gum. These concentrations were also employed for compound tragacanth gum, acacia gum and gelatin in the preparation of different batches of metronidazole suspension. A batch containing no suspending agent (0 %w/v) was also prepared. 
Sedimentation volume
One hundred millilitres (100 ml) of each suspension batch (V 0 ) was poured into a 100 ml measuring cylinder and was left undisturbed for one week at room temperature. The ultimate volume of the sediment (V u ) was taken at every hour for 7 hours and every 24 hours for 7 days. The sedimentation volume was calculated using the following equation:
Redispersibility Redispersibility was assessed immediately after the last Sedimentation volume value was recorded by firmly sealing the mouth of the measuring cylinder and rotating the cylinder through 180 0 . The number of times the cylinder was rotated to achieve complete redispersion of the sediment of each sample was recorded as redispersibility number. The test was carried out in triplicate, that is at 7 days intervals (Okoye et al., 2014) .
Flow rate
The time (F t ) in seconds, required for a quantity of each suspension sample to flow through 10 ml pipette (F v ) was determined in triplicate. Flow rate (ml/s) also referred to as apparent viscosity (Sudam et al., 2012) was then computed as the ratio of F v to F t . The value recorded was the average of three determinations.
Viscosity
The viscosity of each suspension batch was measured using Brookfield digital viscometer (Model Number NDJ-5s) at 60 revolutions per minutes using spindle number 2. About 50 ml of each sample was placed in the viscometer beaker and the instrument then switched on. The instrument measures the viscosity traction on the spindle rotating in the sample. The parameter was determined in triplicate and the average value was recorded for each sample.
Particle size
The particle size distribution of each batch of the suspensions was determined using an optical microscope (Olympus Optical Co., Japan). A drop of well shaken suspension from each batch was separately smeared on the microscope slide and viewed at x 100 magnification. The particle diameter (X) was carefully measured and recorded for 300 particles (N). The average particle diameter, d was then calculated for each batch:
Degree of flocculation
To each suspension sample, Potassium dihydrogen phosphate was added as a deflocculating agent. The degree of flocculation (β) was determined as the ratio of the sedimentation volume of flocculated suspension (in formulations in which no deflocculating agent was added) (F) to that of deflocculated suspension (Fα) (Sudam et al., 2012 , Singh et al., 2013 
. (4)
Statistical analysis SPSS statistical package was employed for statistical analysis. Mean and standard deviations for all the data were computed. The student's t-test was used to determine statistically significant differences at p <0.05, for comparison of batches.
RESULTS AND DISCUSSION
The exudates gotten from R. africana gave a yield of 30.4 %w/w of pure gum. The results of the organoleptic properties determined for fresh, solidified raw and purified forms of R. africana gum presented in Table I indicates that the organoleptic characteristics the gum would exhibit is a function of its physical state. Phytochemical screening carried out on R. africana gum showed absence of alkaloid, carbohydrate and anthraquinones, implying that the material is somewhat inert. Also, it confirms the belief that hydrocolloids are devoid of carbohydrates, but complex acids built up of less common sugar (Femi-Oyewo et al., 2004) . The values of pH and moisture sorption capacity for all the suspending agents studied are presented in Table II . All the polymers exhibited weakly acidic pH, hence, in liquid delivery systems, they are expected to be compatible with active pharmaceutical ingredients that has pH values within this range. Determination of this parameter thus, ab initio, ascertains that the experimental suspending agent would not hinder the therapeutic activity as well as stability of the drug in the formulation (Lira Suares et al., 2005) . Very low values of moisture sorption capacity of the tested materials indicates their stability under humid condition (100% RH). The lower the value, the lower is the tendency of moisture sensitive drug components of a formulation to undergo hydrolytic degradation. Statistically, there is no significant difference between the MSC values for all the suspending agents (p> 0.05).
The suspending tendency of the tested polymers in metronidazole suspension formulations were evaluated with respect to their sedimentation volume, redispersibility, flow rate, viscosity, degree of flocculation and particle size. As presented in Table IV , and in typical plots of Sedimentation volume, F against concentration, and against time (Figures 1 and 2, respectively) , the values of F for all formulations were observed to increase as concentration of the suspending agents increased. Conversely, the values decreased as the storage time increased but remained constant after day 3. Generally, at all concentrations, suspensions formulated with R. africana gum exhibited higher values of F than those containing other polymers. A good suspension should exhibit ready redispersibility (that is low redispersibility number) so as to ensure uniformity of administered doses of medicament upon shaking (Bhurat et al., 2012) . All the formulations exhibited low redispersibility number as shown in Table V . Typical plots of flow rate of suspension against concentration of suspendants (Figure 3) and the values included in Table V indicate that the former parameter reduces as the latter increases. The optimum viscosity is of paramount importance for stability and pourability of suspension formulation. The optimum concentration of the suspending agent imparting thickening on the suspension has to be identified such that the stability is maintained alongside its dispensability. In this investigation, viscosity increase with increase in concentration of suspendants (Table V and Figure  4 ). It should be noted that, at 4 % concentration, R. africana gum was too viscous and as such, Redispersibility number, flow rate and viscosity could not be determined. This implies that the gum is more economical than other tested polymers because logically, the applicable proportion as suspending agent should not exceed 3.0 %. Since Sedimentation volume gives only a qualitative assessment of flocculation (Martin et al., 1993) , the degree of flocculation (β) is more important parameter in pharmaceutical suspensions (Sudam et al., 2012) . The degree of flocculation as presented in Table V follows the same direct relationship with concentration of suspending agent as observed for sedimentation volume. Incorporation of deflocculating agent probably reduced the tight packing behaviour of all the suspending agents as observed by Oppong et al. (2016) . This effect diminished as the concentration increased, thus leading to progressive increase in the degree of flocculation. R. africana gum Compd Tragacanth gum Acacia gum Gelatin
The average particle diameter values of dispersed phase for all the suspensions were generally low -less than 5μm (Table  V) which may promote the physical stability of the formulations (Singh et al., 2013) as can be deduced from Stoke's expression [(particle size, d is a direct function of the distance of fall of the particle, h per unit time t (h/t) (Femi-Oyewo et al., 2004)] The results summarily show that inverse relationship was observed between concentration of suspendants and flow rate while direct proportionality existed between them and other . parameters -sedimentation volume, dispersibility number, degree of flocculation, viscosity and particle size. Statistically, R. africana gum exhibited significantly lower flow rate (p < 0.05) and higher values of other parameters (p < 0.05) than other tested suspendants.
Based on these assessed paramneters, the effectiveness of the tested suspending agents can be ranked as follows: R. africana gum > Compound Tragacanth gum > Acacia gum > gelatin. 
CONCLUSSION
The relative cheapness, non-toxicity, biocompatibility and biodegradability of R. africana hydrocolloid made it a better candidate as suspending agent than other investigated natural polymers. This work shows that from the assessment of all the suspensions formulated with various natural polymers, R. africana hydrocolloid exhibited the best suspendability indices and can thus be developed as excipient in pharmaceutical suspension formulations. Also, due to its high viscosity, its mucilage may be used as thickening and stabilizing agents in pharmaceutical as well as food and cosmetic industries even at lower concentrations than other examined polymers.
